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@ A packet switching arrangement for receiving 
packets including broadcast addresses and connect- 
ing representations of the received packets to any 
combination of output ports specified in the address 
is disclosed. The packet routing units of the network 
both generate packet representations and selectively 
connect the representations to downstream routing 
units or network outputs. Packets for use with the 
network comprise an address portion encoded in a 
broadcast format or in a shorter point-to-point format 



and an address type character identifying the type of 
address in the address portion. The nodes of the 
network respond to the address type character of a 
received packet. By selecting the appropriate decod- 
ing format for the packet address portion, a packet 
select unit decodes the address portion in accor- 
dance with the selected decoding format and selec- 
tively connects the packet to the network outputs. 
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BROADCAST PACKET SWITCH NETWORK 



Technical Field 

The present invention relates to packet switch- 
ing networks having packet broadcast capabilities. 



Background of the Invention 



r The usefulness of packet switching networks 

j for the transnnission of digital information, particu- 

I iarly bursty type information, has long been recog- 

nized- Such networks are generally point-to-point in 
nature in that a packet from a single source is 
directed to a single destination by an address 
attached to the packet. The network responds to 
the packet address by connecting the packet to the 
appropriate destination- 
Packet switching networks are also used which 
combine bursty type data with the more continuous 
types of information such as voice, high quality 
audio, and motion video. Commercialization of 
voice, video and audio transmission makes it desir- 
able to be able to connect packets to multiple 
destinations, called packet broadcasting. For exam- 
ple, a broadcast video service such as pay-per- 
view television involves a single source of video 
packets, each of which is directed to multiple video 
receivers. Similarly, conferencing capabilities for 
\ voice communication also require single source to 

[i_v^ _^---mtf4tfpte-destina ti 

r One prior packet broadcasf~S?Tarlgement sucFT 
as that shown in J. 8. Turner, U. S. Patent No. 
4,734,907. March 29, 1988, comprises a network 
consisting of a packet duplication arrangement fol- 
lowed by a packet routing arrangement. As a 
broadcast packet enters this network, packet 
copies are made in the packet duplicating arrange- 
ment until as many copies exist as there are des- 
tinations for the packet. A translation table look up 
is then performed at the duplication arrangement 
outputs for each of the packet copies to provide a 
different, single destination address for each copy. 
All of the packet copies with their new packet 
addresses are then applied to the packet routing 
arrangement, which connects them to the appro- 
priate network output ports. 



=TODlems exist with this prior packet broadcast 
arrangement First, a separate packet duplication 
arrangement must be provided prior to the routing 
arrangement which adds to the expense and com- 
plexity of the network and which sends multiple 
packet copies to the inputs of the routing arrange- 
ment. Sending multiple copies to the routing net- 
work inputs (as opposed to sending a single packet 
which Is duplicated by the routing arrangement) 



increases the total bandwidth which must be pro- 
vided within the routing arrangement. Another prob- 
lem with this prior network is that each of the 
duplication arrangement output ports requires a 

5 translation table which must be consulted each 
time a broadcast packet occurs and must be fre- 
quently updated. Throughout a large network, 
maintaining the consistency of the translation table 
data, especially when packet destinations are ad- 

70 ded or deleted, is complex. 

Another prior packet broadcast arrangement is 
described in M. N. Ransom et al., U. S. No. 
4,701,906, issued October 20, 1987. The Ransom 
et al., arrangement affixes to each incoming packet 

75 an address which is capable of directing the packet 
to multiple, but not all combinations of network 
destinations. This network avoids the use of a 
separate duplication arrangement but many com- 
binations of outputs cannot be reached by incom- 

20 ing packets. This problem limits the usefulness of 
the network for commercial applications. 



25 



Summary of the Invention 



The foregoing problems are solved and a tech- 
nical advance is achieved in accordance with the 
present invention in which a packet address ca- 
pable of defining all possible combinations of net- 

30 work output ports is affixed to each broadcast 
packet at the network inputs and the packet routing 
stages of the network respond to the affixed ad- 
dress by generating representations of the original 
packet and connecting the representations to the 

35 output ports defined by the affixed address. An 
illustrative network of the present Invention is ca- 
pable of routing packets to all combinations of 
outputs and avoids the separate copy arrange- 
ments and the difficult translation table update ar- 

40 rangements of prior systems. 

In an embodiment of the invention the address 
affixed to each packet comprises a bit map having 
a number of bit positions equal to the total number 
of network output ports, where each bit position 

45 corresponds to a different network output port. 
Each bit position corresponding to an output port 
which is to receive the packet, is set to one binary 
value, e.g. "1" while the bit positions correspond- 
ing to the other network output ports are set to the 

50 other binary value, e.g., "0". Each stage of the 
packet switching network responds to portions of 
the affixed bit map packet address to connect 
representations of the packet to a downstream 
stage or the appropriate network output ports. 

A network in accordance with one aspect of the 
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invention comprises a plurality of output nodes, 
each comprising predetermined networl< output 
ports and an intermediate switch stage. The inter- 
mediate switch stage responds to the address of a 
received packet by connecting packet representa- 
tions only to the output nodes comprising a des- 
tination output port for the packet. The output 
nodes respond to the bit map address of the pack- 
et representation they receive by selectively con- 
necting the packet representation to the destination 
output ports. 

The bit map address comprises a plurality of 
groups of bit positions with a different group cor- 
responding to each of the output nodes. The inter- 
mediate stage responds to the groups of bit posi- 
tions by connecting a packet representation to 
each output node corresponding to a group includ- 
ing at least one bit of the one binary value. 

Arrangements for reducing the address size 
required to specify all combinations of output ports 
are also employed, in one such arrangement, each 
address portion comprises two address fields. A 
first field is interpreted by a stage of the network to 
create and direct packet representations to only 
those output stage nodes which are connected to 
appropriate destination output ports. The output 
stage nodes interpret the second field of the ad- 
dress to connect the packet to the appropriate 
output ports. 

Advantageously, the first address field is a bit 
map of the output nodes and the second address 
field comprises one bit map for each output node 
which is identified by the first field to receive a 
packet representation. The intermediate stage inter- 
prets the first field bit map in a simple and straight 
forward manner to distribute packet representations 
to the output nodes. Each output node receiving a 
packet representation selects one of the second 
field bit maps to identify the ones of its output 
ports which are to receive the packet. An output 
node selects the particular second field bit map in 
response to the first address field. 

Another embodiment of the invention reduces 
the number of address bits transmitted in the net- 
work by deleting unnecessary bits from the packet 
addresses transmitted from the nodes of one stage 
to the nodes of a subsequent stage. This substan- 
tially reduces the number of address bits transmit- 
ted between successive network stages. 



Brief Description of the Drawing 

FIG. 1 is a block diagram of an exemplary 
packet switching arrangement; 
FiGS. 2 and 3 show packets received by and 
transmitted from, respectively, the trunk control- 
lers of FIG. 1; 



FIG. 4 shows a bit map physical address for use 
in the packet of FIG. 3; 

FIG. 5 is a block diagram showing the nodes of 
FIG. 1 in greater detail; 
5 FIG. 6 is a block diagram of representative 

packet select unit; 

FIG. 7 shows a representative stage 2 select 
circuit; 

FIG. 8 shows a representative stage 3 select 
10 circuit; 

FIG. 9 is a block diagram of a packet select unit 

used to reduce the size of the packet address 

transmitted between network stages; 

FIG. 10 shows a multiple address type packet 
75 format; 

FIG 1 1 shows a packet select unit for use with 

the packet shown in FIG. 10; 

FIG. 12 shows a select circuit employed in the 

packet select unit of FIG. 1 1 ; 
20 FIG. 13 shows the address portion for a two 

address field alternative packet format; and 

FIG. 14 is a block diagram of a packet select 

unit for use with the packet addresses of FIG. 

13. 

25 

Detailed Description 

FIG. 1 is a block diagram of a packet switching 
network comprising a connection network 100 hav- 

30 ing 16 input and 16 output ports. Each input port is 
connected to an incoming communication line, e.g., 
101 via an individual input trunk controller, e.g. 102. 
104 and each output port is connected to an In- 
dividual output trunk controller of which trunk con- 

35 trollers 106 and 108 are specifically shown. Inputs 
to trunk controllers 102 through 104 and outputs of 
the trunk controllers 106 through 108 are conveyed 
at the rate of 45 Mbits per second. 

Input trunk controllers, e.g., 102 receive pack- 

40 ets of the type shown in FIG. 2 which comprise a 
data portion 120 and a virtual channel identifier 
portion 121, Trunk controller 102 includes a re- 
ceiver 110 which receives packets from line 101 
and stores received packets in a first-in/first-out 

45 buffer 111, A transmitter 112 reads packets from 
buffer 111, reformats the packets to include a net- 
work physical address 122 (FIG. 3) and packet 
length variable 1 23 and sends the formatted packet 
to the network 100 in 8-bit blocks, via 8-bit posi- 

50 tions of a 9-bit parallel path 103. The 9th-bit of the 
9-bit parallel path 103 Is used to convey a packet 
start bit at the beginning of each transmitted pack- 
et. 

When a packet is read from buffer 111 by 
55 transmitter 112 the virtual channel identifier 121 
(FIG. 2) is used to access a translation table 113 to 
obtain the network physical address 122 associated 
with the virtual channel identity. Transmitter 112 
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also computes the packet length in 8-bit bytes and 
appends the 16- bit physical address 122 (FIG. 3) 
and an 8-bit packet length variable 123 to the data 
portion 120. The physical address 122 is used by 
connection network 100 to select the one or more 
output ports which receive the packet. 

The translation table 113 of each trunk control- 
ler is connected to a network controller 115 which 
maintains the translation tables. Network controller 
115 receives requests for connections from other 
network controllers (not shown) associated with oth- 
er switching networks, specifying the virtual chan- 
nel identifiers of incoming packets and the destina- 
tion outputs for packets Including each virtual chan- 
nel identifier. Network controller 115 responds to 
the requests by calculating the physical address 
needed to satisfy the request and storing the cal- 
culated physical address and virtual channel iden- 
tifier in translation table, e.g., 113. 

Connection network 100 is comprised of twelve 
4-by-4 switching nodes arranged in three stages. 
Stage 1 comprises nodes 1-0 though 1-3, stage 2 
comprises nodes 2-0 through 2-3 and stage 3 
comprises nodes 3-0 through 3-3. Stage 1 is a 
distribution stage which does not duplicate packets 
but merely distributes the packets received at each 
input port over the nodes of the center stage 2 as 
is well-known in the art. Center stage 2 interprets 
the physical address 122 of the packets, replicates 
packets as needed and conveys them to the nodes 
of output stage 3. Each of the stage 3 nodes 3-0 
through 3-3 replicates packets it receives, as need- 
ed, and connects them to output ports identified by 
the physical address. 

The physical address 122 of packets in the 
present example is a bit map of the output ports. 
The bit map physical address, which is shown in 
FIG. 4, comprises 16-bit positions with a different 
position corresponding to each of the 16 output 
ports shown in FIG. 1 as 0 through 15. A "1" in a 
given bit position indicates that the packet is to be 
sent to the corresponding output port. The bit posi- 
tions of the bit map are arranged so that bit posi- 
tions 0 through 3 correspond respectively to output 
0 through 3 of node 3-0, bit positions 4 though 7 
correspond to outputs 4 through 7 of node 3-1 . Bit 
positions 8 through 11 correspond respectively to 
outputs 8 though 1 1 of node 3-2 and bit positions 
12 through 15 correspond respectively to outputs 
12 through 15 of node 3-3. The center stage 
nodes, e.g., 2-0 interpret the bit positions in groups 
of four to determine the appropriate output node, 
e.g., 3-0 for each packet and each output stage 
node, e.g., 3-0 interprets the individual bits of the 
group corresponding to its output ports to select 
destination output ports. 

The node 2-0 shown in FIG. 5 represents all of 
the stage 2 and stage 3 nodes of the network. The 



FIG. 5 node, comprises four inputs 201 through 
204 for nine parallel digits and four outputs 206 
through 209 also for nine parallel digits. Each input, 
e.g., 201 is connected to a packet buffer 211 for 

5 receiving and buffering incoming packets. The 
node also includes a 9-bit bus 216 which is con- 
nected in parallel with all of the input buffers 21 1 
through 214. A clock and control circuit 217 pe- 
riodically polls each of the input buffers individ- 

70 ually. A buffer which has accumulated an entire 
packet transmits the information in that packet in 8- 
bit bytes to the bus 216 upon being polled. Pack- 
ets are transmitted on bus 216 at the rate of 250 
Mbits per second which is somewhat faster than 

75 five times the individual incoming rate of 45 Mbits 
per second. The rate on bus 216 should be chosen 
to exceed four times the input bit rate so that all 
buffers can transmit a packet on bus 216 in less 
than or equal to the time required for receiving a 

20 packet. After one buffer has finished transmitting a 
packet it relinquishes the bus and another buffer is 
polled in a predetermined sequence. 

Information transmitted on bus 216 is applied 
in parallel to four packet select units 220 through 

25 223 each of which is respectively associated with a 
node output 206 through 209. In FIG. 5 packet 
select 220 is connected to bus 216 by a 9-blt 
parallel path 231. Each packet select unit deter- 
mines from the packet address whether its asso- 

30 ciated output port is to receive the packet on the 
bus and store the packet in an associated one of 
packet queues 225 through 228. Packet select unit 
220 is connected to queue 225 by a bus 230. The 
node presents each incoming packet substantially 

35 simultaneously to the packet selectors and permits 
the packet to be selected and held for one or more 
node outputs depending on the packet address. 
Each queue 225 through 228 includes a packet 
transmit unit (not shown) which reads packets in 8- 

40 bit bytes from its queue and transmits the bytes so 
read to a downstream node or output trunk control- 
ler, e.g., 106 at the rate of 45 Mbits per second. 

FIG. 6 represents a packet select unit as used 
in stages 2 and 3 of the network of FIG. 1. Bus 216 

45 is 9-bits wide, eight of which are used to convey 
data bits and the ninth is used to signal the start of 
a packet to the packet selectors 220 through 223 
(FIG. 5). When a buffer, e.g., 211 begins to trans- 
mit -a packet on bus 216 it places "1" start bit in 

50 the gth-bit position of bus 216 during the first 
packet byte. All other bytes of the packet include a 
"0" 9th-bit. Clock and control circuit 217 applies 
receive clock signals, which are synchronized with 
the transmission of packet bytes, to a conductor 

55 254 of each of the packet select circuits 220 
through 223. Within each packet select circuit, e.g., 
220 the receive clock signals are applied to four 9- 
bit registers 250 through 253. One receive clock 
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signal occurs during each byte applied to bus 216. 
The first receive clock signal gates the first packet 
byte from bus 216 into 9-blt register 250 via path 
231. The second receive clock signal gates the 
contents of register 250 to register 251 and loads 
the 2nd-byte fronn bus 216 into register 250. After 
the fourth receive clock signal the first packet byte, 
including the "1" start bit, is in register 253, the 
2nd-byte is In register 252, the third Is in register 
251 and the fourth is in register 250. The start bit 
in register 253 is applied via conductor 255 to a 
select circuit 256. 

When select circuit 256 receives a "1" start bit 
on conductor 255, registers 251 and 252 in com- 
bination contain the bit map address of the incom- 
ing packet and register 253 contains the 8-bit pack- 
et length variable. Select circuit 256 receives the 
bit map address on conductor 233 and responds to 
the "1" start bit on conductor 255 by decoding the 
bit map. A "1" is applied by select circuit 256 to a 
counter circuit 259 via conductor 260 when the bit 
map defines the node output associated with the 
select circuit. A "1" on conductor 260 indicates 
that the received packet is for the associated node 
output. 

Counter circuit 259 responds to the "1" input 
from conductor 260 by storing the packet length 
variable 123 (FIG. 3) which Is then contained by 
the 8-bit byte in register 253. Counter circuit 259 
also receives the clock signals on conductor 254. 
At each pulse received on conductor 254 while 
counter circuit 259 contains a value greater than 0. 
counter circuit 259 transmits a write pulse on con- 
ductor 261, which is a part of bus 230, to the 
associated queue 225 then decrements by 1 the 
value stored in the counter. The write pulses on 
conductor 261 begin when a packet for queue 225 
is detected and as many write pulses are sent to 
queue 225 as there are bytes in the packet as 
indicated by the packet length variable. The out- 
puts of register 253 are applied to queue 225 via a 
9-bit conductor 232 which is a part of bus 230. 
Queue 225 responds to the write pulses from coun- 
ter circuit 259 by storing the bytes of the selected 
packet, which are successively gated through reg- 
ister 253 to queue 225. The bytes of packets 
applied to bus 216 are always gated through regis- 
ter 253. but when a packet is not selected by 
select circuit 256, no write pulses are generated on 
conductor 261 and the bytes are not stored in the 
queue. 

The above discussion of nodes shown in FIG. 5 
and packet selectors shown in FIG. 6 represents all 
of the nodes and selectors in the present embodi- 
ment. The address decoding function performed by 
the selector circuits, however, depends upon the 
particular packet selector and node including the 
selector circuit. 



The selector circuit in each stage 2 packet 
selector comprises a four input OR gate 257 and 
an AND gate 258 as shown in FIG. 7. OR gate 257 
of packet select 220 receives as inputs over path 

5 233 the 4-bit map address bits 0 through 3 from 
register 251 con-esponding to the network output 
ports 0 through 3 reached via packet select 220. 
When any of these 4-bit map positions is a "1 " OR 
gate 257 applies a "1" to AND gate 258. The "1" 

70 start bit on conductor 255 gates the output of OR 
gate 257 to conductor 260 resulting in the packet 
being stored In queue 225. 

Packet select circuits 221 through 223 of stage 
2 nodes are substantially identical to packet select 

75 circuit 220 except that their OR gate 257 is con- 
nected by path 233 to receive different parts of the 
bit map address. In packet select 221 OR gate 257 
receives the second 4-bit map address bits, in 
packet select 222 OR gate 257 receives the third 

20 4-bit map address bits from register 251 and in 
packet select 223 OR gate 257 receives the last 4- 
bits of the bit map address from register 251. All of 
the second stage nodes are identical to node 2-0. 
The stage 3 nodes. 3-0 through 3-3. are sub- 

25 stantiaily identical to the stage 2 nodes, 2-0 
through 2-3. except that the address decoding with- 
in the select circuits 256 is different. Each stage 3 
packet selector is uniquely associated with one 
output port. By the nature of the bit map address 

30 (FIG. 4) a packet is identified as destined for a 
particular output port by the value of the bit map 
digit corresponding to that output port. For exam- 
ple, the stage 3 packet selector associated with the 
first output port 0 need only interpret the first bit 

35 position 0 of the bit map address. When the first bit 
position is a "1" the packet is for the first output 
port and when it is a "0" the packet is not destined 
for the first output port. FIG. 8 represents a stage 3 
select circuit 256 in which packet decoding is car- 

40 ried out by a single AND gate 258 which receives, 
as inputs, the packet start bit on conductor 255 
from register 253 and the first bit of the bit map 
address from register 252 over path 233. The se- 
lect circuit of FIG. 8 represents the select circuit 

45 connected to network output port 0 and it interprets 
only the first bit of the bit map address. The other 
packet selectors connected to the other network 
output ports 1 through 15 include an AND gate 258 
which is connected by path 233 to the bit map 

50 address bit position corresponding to its associated 
network output port. 

The physical address of packets in the preced- 
ing example comprises 1-bit for each possible net- 
work of output port. Such an address and its trans- 

56 mission on all of the packet network links requires 
a certain amount of communication bandwidth. The 
following description relates to alternative embodi- 
ments which reduce the bandwidth required for 
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physical address transmission in broadcast packet 
networks. 



Address Bit Deletion FIG. 9 

In the following embodiment, the bandwidth 
required to transmit broadcast physical addresses 
is reduced by deleting portions of the bit map 
address transmitted from stage 2 to stage 3. FIG. 9 
represents a stage 2 packet select unit which is 
used to reduce the size of the physical address 
transmitted from stage 2 to stage 3. Select circuit 
256 selects packets for storage in the associated 
queue as in the preceding embodiment. Bit map 
portions are deleted by inhibiting selected write 
pulses generated by counter circuit 259 after a 
packet is selected. FIG. 9 includes a write pulse 
removal circuit 270 which receives write pulses 
from counter circuit 259 on conductor 261 and 
deletes one selected write pulse from the write 
pulse string sent to queue 225 on conductor 262. 
The deletion of a write pulse causes the over 
writing of a byte in register 253 without storage of 
that byte in the queue and thus, the deletion of one 
byte from the packet. 

Stage 3 nodes 3-0 and 3-1 respond only to the 
first and second 4-bit groups of the bit map ad- 
dress, respectively and do not use the 3rd and 4th 
4-bit groups. Similarly, stage 3 nodes 3-2 and 3-3 
respond only to the 3rd and 4th-bit groups of the 
bit map address, respectively and do no use the 
first and second 4-bit groups. In packet select units 
220 and 221 the second 8-bits of the bit map 
address need not be sent to output nodes 3-0 and 
3-1 . In packet select unit 220 and 221 write pulse 
removal circuit 270 counts the first two write pulses 
from counter circuit 259 and inhibits the next write 
pulse (third) which occurs when the second 8-bit 
portion of the bit map address is in register 253. 
The absence of a write pulse causes the contents 
of register 253 to be overwritten without storage in 
the queue and thus deletes the byte from the 
packet. 

In packet select units 222 and 223, the write 
pulse removal circuit 270 counts the first write 
pulse from circuit 259 and inhibits the second write 
pulse. The absence of a second write pulse deletes 
the first 8-bits of the bit map address from the 
packet before it is stored in the associated queue, 
e.g.. 227. 

Multiple Address FIGS. 10. 11 and 12 

A bit map address for a packet with a single 
destination comprises 16-bits in a network with 16 
network output ports. A binary encoded point-to- 



point address designating a single network output 
port comprises only 4-bits as is well-known in the 
art. It has been found advantageous to provide 
binary encoded addresses with point-to-point pack- 

5 ets and bit map addresses with broadcast packets. 
FIG. 10 shows a packet format for a network having 
a physical address field 122 which contains either 
a bit map address or a binary address and an 
address type character 271 which identifies the 

70 type of physical address included in the packet. In 
FIG. 10, the packet length variable 123 is 7-bits 
long and is followed by a one bit address type 
character 271 which identifies whether the physical 
address 122 is a bit map address or a binary 

75 encoded point-to-point address. 

As previously described, the physical address- 
es are provided by translation table 113 (FIG. 1) in 
response to the virtual channel identiiier of incom- 
ing packets. Each physical address is stored in 

20 translation table 113 by network controller 115 in 
response to a request for connection specifying the 
virtual channel to be used. Network controller 115 
in the present arrangement responds to each re- 
quest for connection by determining the type of 

25 packets, e.g., broadcast or point-to-point to be sent 
in the virtual channel which is the subject of the 
request. Network controller 115 then generates a 
physical address for packets which will satisfy the 
request. When the request is for a broadcast pack- 
so et network controller 115 generates a bit map 
physical address of the type shown in FIG. 4. and 
stores that bit map address in translation table 113. 
Alternatively, when the request is for a point-to- 
point packet network controller 115 generates a 

35 binary address of the well-known type and stores 
that binary address in translation table 113. 

The network operates as previously described 
with regards to FIGS. 1 through 6 except that 
packet select units, e.g., 220 selectively respond to 

40 the two different types of addresses. A packet 
select unit for use with packets of the dual address 
type (FIG. 10) is shown in FIG. 11. Packets are 
received and their beginning is identified as dis- 
cussed with regard to FIG. 6. The bits of the packet 

45 physical address are applied to select circuit 256 
via path 233 (FIG. 12). Packet select circuit of FIG. 
12 is to be used with packets including either a 
point-to-point address or a bit map address. The 
select circuit comprises a first decoder 273 for 

50 binary addresses and a second decoder 274 for bit 
map addresses. When a new packet is indicated 
by the start bit on conductor 255 both decoders 
decode selected bit positions of the packet stored 
in registers 251 and 252. The address type bit 

65 (271, FIG. 10) is applied via conductor 272 to a 
selector 275 which gates the output of the bit map 
decoder to conductor 260 when conductor 272 
conveys a "1", indicating a bit map address and 
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gates the output of point-to-point decoder 273 to 
conductor 260 when conductor 272 conveys a "0" 
indicating a point-to-point address. Counter circuit 
259 responds to a "1" selection signal on conduc- 
tor 260 by generating write pulses on conductor 
261 for storing the received packet in the asso- 
ciated queue, e.g., 225 as previously discussed. 

The above embodiment shows an arrangement 
for selectively decoding point-to-point or bit map 
addresses. The arrangement can be extended to 
more than two address encoding formats by in- 
creasing the number of decoders in select circuit 
256 and by providing a sufficient number of bits In 
the address type character 271 to identify the 
specific format used in the packet. Also the ad- 
dress encoding formats need not be bit map and 
point-to-point but they can compnse any encoding 
formats. All that is required is that select circuit 256 
be capable of performing the decoding functions 
defined by the address type character for each 
packet address. 



Two Field Addresses FIGS. 13 and 14 

In an additional embodiment, the average pack- 
et address length can be shortened by using phys- 
ical addresses comprising a first address field 280 
(FIG. 13) identifying the output nodes, e.g., 3-0 
which are to receive the packet and one or more 
second address fields, e.g., 281 and 282, one for 
each selected output node, defining the network 
output ports to receive the packet. 

The first address field comprises a bit map of 
the output nodes and is interpreted by stage 2 
nodes, e.g., 2-0. The 4-bit positions of the first 
address field are referred to as bits bO through b3. 
The packet selectors 220 through 223 of a second 
stage node receiving the packet having a physical 
address shown in FiG. 13 interpret the "1001" first 
field and packet selectors 220 and 223 select the 
packet for the outputs 0 and 3 of the node cor- 
responding to the "Is" in bit positions bO and b3 of 
the first field. This is standard bit map decoding as 
described previously with regard to FiG. 8. 

Outputs 0 and 3 of each second stage node 
are connected to stage 3 nodes, 3-0 and 3-3 re- 
spectively, both of which receive the packet. Nodes 
3-0 and 3-3 apply the packet to the four packet 
selectors of those nodes, as described, regarding 
FIG. 5. Each of the packet selectors in nodes 3-0 
and 3-3 selects one of the two second fields 281 
and 282 to identify which output ports are to re- 
ceive the packet. FIG. 14 shows a stage 3 packet 
select unit which selects the appropriate second 
field and decodes it to select packets for the node 
output ports. 

The packet select of FIG. 14 includes a second 



field select unit 283 which selects the appropriate 
second address field and generates a select signal 
on one of the outputs fO through f3. The select 
signal enables one of four AND gates 285 through 

5 288 to pass a selected second address field to 
select circuit 256 via an OR gate 289. Select circuit 
256 decodes the 4-bit address field as described 
regarding the stage 3 select circuit of FIG. 8. It 
should be mentioned that although AND gates 285 

10 through 288 and OR gate 289 are each shown as a 
single gate in FIG. 14 they are actually four gates, 
one for each bit of the second address field operat- 
ing in parallel. 

Second field select unit 283 receives as inputs 

15 the 4-bits (bits bO through b3) of the first address 
field from register 252 on path 234 and a "1" on 
only one of four inputs NO through N3. The signals 
on inputs NO through N3 identify the particular 
node including the packet selector. For example. 

20 packet selectors of node 3-0 receive a single "1" 
on conductor NO while the packet selectors of node 
3-3 receive a single "1 " on conductor N3. The 
signals are applied to inputs NO through N3 by 
permanently connecting "Is" and "Os" to these 

25 inputs when the node is fabricated, as is well 
known in the art. 

Generally stated, the second field select unit 
283 selects an address field by knowing the cor- 
respondence of its node and the bit positions of of 

30 the first address field, by counting the number of 
"1s" in the first address field up through its cor- 
responding bit position in the first address field and 
by selecting the second address field of the same 
number. For example, second field select unit 283 

35 of node 3-3 knows that it corresponds to digit b3 of 
the first address field (due to a "1" on input N3) 
and selects the second of the second address 
fields (second field 1 ) since the "1 " corresponding 
to node 3-3 is the second "1" In the first address 

40 field 280. 

The Boolean equations specifying In the opera- 
tion of second field select unit 283 are as follows: 
fO = bO ' NO + b1 • bU • N1 + b2 • bT • 55 • 
N2 + b3 • b5 • bT • BD • N3. (1) 

45 f1 = bO • b1 • N1 + (b1 'EU + bT • bO) • b2 • 
N2 + (b2 • 5T • 50 52 • b1 ' bU + 55 • 5T • 
bO) • b3 • N3. (2) 

f2 = bO • b1 • b2* N2 + (53 • b2 • b1 • bO -f- 
b3 • 55 • b1 • bO + b3 • b2 • 5T • bO + b3 • 

50 b2 • b1 • 50 ) • b3 • N3, and (3)- 
f3 = bO • b1 • b2 • b3 • N3. (4) 

After the appropriate second address field is 
selected, select circuit 256 decodes it in the man- 
ner described with regard to FIG. 8 to identify if the 

55 received packet is destined for the associated out- 
put port. When the packet is selected, a "1" is 
applied to counter circuit 259 which responds by 
transmitting write pulses on conductor 261 to the 
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Claims 

1. A packet switching system comprising: 

a network means comprising a plurality of output 
ports; 

input means responsive to a request for transmis- 
sion of information to identified ones of said output 
ports for transmitting to said network means a 
packet comprising said information and an address 
comprising a plurality of bit positions, each of said 
bit positions corresponding to a different one of 
said output ports and having one binary value when 
the output port corresponding thereto is identified 
in said request and having the other binary value 
when the output port corresponding thereto is not 
identified; and 

said network means comprises connection means 
responsive to said address of a packet received 
from said input means for connecting representa- 
tions of said received packet to the output ports 
identified in said request. 

2. The network of claim 1 wherein said connection 
means comprises: 

a plurality of output nodes, each output node com- 
prising predetermined ones of said output ports; 
and 

an intermediate packet switch stage responsive to 
said address of said received packet for connecting 
representations of said received packet only to the 
ones of said output nodes comprising said iden- 
tified ones of said output ports. 

3. The network of claim 2 comprising means in 
said intermediate packet switch stage for generat- 
ing said representations of said received packet by 
deleting bit positions from said address in accor- 
dance with predetermined deletion criteria. 

4. The network of claim 2 wherein said address 
comprises a plurality of groups of bit positions, a 
different group of bit positions corresponding to 
each of said output nodes; and 

said intermediate packet switch stage comprises 
means responsive to each of said groups of bit 
positions for connecting a representation of said 
received packet to each of said output nodes cor- 
responding to a group of bit positions including a 
bit position of said one binary value. 

5. The network of claim 4 comprising means in 
said intermediate packet switch stage for generat- 
ing representations of said received packet by de- 
leting groups of bit positions from said address in 
accordance with predetermined deletion criteria. 

6. The network of claim 4 wherein said connected 
representations include said groups of bit positions 
and each of said output nodes is responsive to the 
group of bit positions corresponding thereto for 



connecting said information of said received packet 
to each output port corresponding to a bit position 
of said one binary value. 
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